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Abstract 
This study assessed the role that floods play in providing lateral connectivity between riverine habitats and floodplains, 
stimulating productivity and contributing zooplankton from the floodplain to the river channel. The study took place on 
the Chowilla Floodplain of the River Murray, Australia, and the adjacent River Murray Channel throughout the 
2010–2011 floods. We found that a considerable transfer of zooplankton from the floodplain into the river channel 
occurred. Average zooplankton abundance was higher on the floodplain than the main river channel and increased the 
zooplankton abundance in the river channel downstream. At the peak of the flood, flows reached ~93 000 megalitres per 
day (ML d−1), inundating ~67 km2 of floodplain. At the time of this study, up to 6.3 ± 1.6 (SD) tonnes per day of 
zooplankton (dryweight) was being exported from the Chowilla floodplain. Differences in species assemblages were 
also observed within the River Murray, which seemed to be caused by the influence of the Chowilla Floodplain. This 
study demonstrated that floodplains provide significant zooplankton biomass, which constitutes a resource input into the 
riverine food web. These results provide some evidence for the Flood Pulse Concept, which highlights the importance 
of lateral hydrological connectivity between riverine habitats and floodplains in stimulating productivity and providing a 
linkage between habitats for biota. Management of regulated lowland rivers should consider not only the provision of 
water to the floodplain, but also the return of the floodplain waters to the river to sustain riverine food webs.  
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Introduction
Within riverine ecology, the River Continuum Concept 
(RCC) suggests that ecological processes change 
predictably along the downstream gradient (Vannote 
1980). Despite being one of the most fundamental 
concepts in riverine ecology to date, the RCC overlooked 
the role of floodplain dynamics. The Flood Pulse Concept 
(FPC; Junk et al. 1989) addressed this oversight, high-
lighting the importance of lateral exchange of organic 
matter within river–floodplain systems. A number of 
studies have demonstrated that floodplains and their 
conduits transfer a substantial proportion of their biotic 
production back to the river channel (Eckblad et al. 1984, 
Bouvet et al. 1985, Cellot 1996, Tockner et al. 1999, Hein 
et al. 2003, Fisher 2011), including the transfer of 
zooplankton, which provide a critical link within riverine 
foodwebs. Zooplankton provide this link through the 
ingestion and processing of bacteria, phytoplankton and 
organic material (Vanderploeg and Scavia 1979, Knisely 
and Geller 1986, Lampert et al. 1986, Jumars et al. 1989, 
Desvilettes et al. 1997, Kobayashi and Church 2003), and 
as a food source for fish (e.g., golden perch [Macquaria 
ambigua]: Arumugam and Geddes 1996, Meredith et al. 
2003), waterbirds (e.g., waterfowl: Crome 1985), 
amphibians (e.g., Ranta and Nuutinen 1985), and mac-
roinvertebrates (e.g., Lynch 1979). 
The degree and direction in which zooplankton are 
assimilated into the aquatic foodweb depend on both the 
composition and abundance of the zooplankton community. 
The composition affects the range of morphological and 
behavioural characteristics often restrictive to predators 
(Vinyard and O’Brien 1975, Cooper and Goldman 1980, 
Dodson and Egger 1980, Ranta and Nuutinen 1985, Mills 
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et al. 1986, Schael et al. 1991, Bremigan and Stein 1994), 
whereas zooplankton abundance can affect the rate at 
which predator–prey encounters occur (Cooper and 
Goldman 1980, Vinyard 1980). Consequently, an increase 
in the diversity of prey options coupled with more 
abundant zooplankton communities will increase the range 
of available resources to support a range of higher trophic 
organisms. Communities at particular points in time and 
space have been extensively explored; yet, despite their 
essential role, rarely has the occurrence and extent to which 
they are transported from floodplains to rivers been 
similarly studied.
Floodplains and other off-channel habitats are known 
to contain diverse and abundant zooplankton communities 
(Wallis et al. 1989, Reynolds et al. 1991, Lancaster and 
Hildrew 1993, Reckendorfer et al. 1999). Many biotic 
(O’Brien et al. 1976, Rothhaupt 1990) and abiotic (Schal-
lenberg et al. 2003, Bailey et al. 2004) factors are 
important in determining zooplankton community 
composition and abundance. The longer water residence 
time (WRT) of floodplain habitats is a key factor because 
it has a strong positive relationship with zooplankton 
abundance and biomass and drives a shift from rotifer- to 
crustacean-dominated communities (Basu and Pick 1996, 
Baranyi et al. 2002, Obertegger et al. 2007). Zooplankton 
also have the ability to produce a resting stage, and there 
are often abundant and species-rich egg banks in 
ephemeral off-channel sites (Chesson and Warner 1981, 
Warner and Chesson 1985, Brendonck and De Meester 
2003), adding to the significance of these habitats.
While floodplain habitats are thought to act as 
zooplankton sources for faster-flowing environments, 
little direct evidence has been produced. The few investi-
gative studies have produced contrasting results, including 
several showing little or no contribution from floodplains 
(Saunders and Lewis 1989, Gigney et al. 2006) and others 
identifying significant contributions (Eckblad et al. 1984, 
Saunders and Lewis 1988b, Ning et al. 2012). One of the 
key factors presumably influencing these differing results 
is hydrology because it controls the availability of and 
transportation from habitat suitable for zooplankton 
growth (e.g., Saunders and Lewis 1988a). Lowland rivers 
within dryland regions, such as the River Murray, are best 
described neither by the RCC nor by the FPC. Rather, they 
might be best described by a combination of both: the 
RCC during low flow periods and the FPC during high 
flow periods (Walker et al. 1995). 
This study investigated one of the key processes 
described by the FPC, in that productivity, including 
zooplankton, originates from production within the 
floodplain during inundation. Here the contribution of 
zooplankton from a large floodplain (the Chowilla 
Floodplain) to a long, lowland river (the River Murray) 
was investigated. Given the size of the floodplain and the 
relatively low discharge of the river, we hypothesised that 
zooplankton transferred from the floodplain would signifi-
cantly alter the riverine zooplankton community 
downstream of the floodplain during a flood period. In in-
vestigating this hypothesis we examined (1) zooplankton 
contributions from a single floodplain lake and (2) 
zooplankton contributions from the floodplain to the main 
river channel. This study took place during the 2010–2011 
River Murray floods, during which measurements of 
zooplankton composition and abundance were taken. Con-
tributions from the floodplain lake were determined by 
measuring the exported daily loads. Contributions from 
the floodplain to the main river channel were determined 
using a mass balance approach, which quantified fluxes of 
zooplankton between the floodplain and river.
Study site
The River Murray begins near Mount Kosciuszko in the 
Australian Alps and meanders across inland Australia for 
2530 km before discharging to the Southern Ocean 
(MDBA 2013; Fig. 1). The Chowilla Floodplain 
(33°57ʹ0.41ʺS, 140°56ʹ29.64ʺE) is one of the major 
floodplains adjoining the River Murray. It covers 17 700 
ha and is characterised as a semiarid climate with an 
annual rainfall of ~260 mL (BOM 2012). Because of its 
low rainfall, the floodplain relies on upstream flows from 
the upper Murray and Darling rivers, which together 
produce on average 13 400 000 megalitres per year (ML 
yr−1; Maheshwari et al. 1995). Flows have always been 
highly variable, with the annual discharge of the system 
ranging from 1 626 000 to 54 168 000 ML between 1894 
and 1993 (Maheshwari et al. 1995). Now, due to the 
diversion of an average of 9 801 000 ML yr−1 primarily for 
irrigation (MDBMA 1996), flows to Chowilla are much 
less than those that occurred predevelopment (Maheshwari 
et al. 1995, MDBMA 1996). Small floods (40 000 ML d−1) 
that once occurred 91 of every 100 years now occur only 
40 years in 100, and large floods (110 000 ML d−1) that 
once occurred 27 of every 100 years now only occur 5 
years in 100 (DEWNR 2006). After the most persistent 
drought of the 20th century within the Murray-Darling 
Basin, 2 years of widespread rainfall and flooding 
dominated weather patterns. Large-scale lateral connectiv-
ity was generated basin-wide and inundated the majority 
of floodplains adjoining the river, including Chowilla. 
The floodplain is complex and comprises a mixture of 
wetlands and lentic and lotic channel forms, including 
anabranches and shallow depressions. Upstream of Lock 6 
(Fig. 1), water is diverted from the River Murray into a 
network of streams that then converge to form the main 
anabranch of the floodplain, Chowilla Creek, which flows 
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back into the river below Lock 6 (Jolly et al. 1994). 
Immediately downstream of the formation of Chowilla 
Creek is an ephemeral stream, Hancock Creek, which fills 
and drains a large terminal wetland (maximum depth 
~1.5–2 m), Lake Limbra, when flow exceeds ~45 000 ML 
d−1 (Fig. 1).
Sampling began on 17 December and continued 
fortnightly from February until April 2011 and monthly 
thereafter until June 2011 (Fig. 2). Conditions prevented 
sampling at some sites on 17 December 2010, 18 January 
2011 (high river levels), and 6 June 2011 (desiccation). 
Sites were sampled during the day within 2 days of each 
other. 
Sampling sites were located near the confluence of 
Chowilla Creek and Hancock Creek (hereafter termed the 
anabranch–tributary confluence) to establish the 
magnitude of the zooplankton contribution from Lake 
Limbra and surrounding floodplain to downstream 
waterbodies. At the anabranch–tributary confluence there 
were 2 sites within Chowilla Creek, one upstream (CC-1) 
and one downstream (CC-2) of the confluence, and an 
additional site within Hancock Creek (HC; Fig. 1). To 
establish the zooplankton contribution from the Chowilla 
Floodplain to the River Murray, sampling sites were 
located near the confluence of the River Murray and 
Chowilla Creek (hereafter termed the river–anabranch 
confluence). Two sites were located in the River Murray, 
one upstream (RM-1) and one downstream (RM-2) of the 
river–anabranch confluence, with an additional site within 
Chowilla Creek (CC-3). Zooplankton samples collected 
from RM-1 were assumed to be representative of that 
above the formation of the floodplain (RM-0)
Methods
Collection and processing of zooplankton 
Zooplankton samples were collected for quantitative 
counts using three 14 L Schindler trap samples taken from 
within the top 1 m of water within the pelagic zone 
(roughly the centre of the channel). Samples were concen-
trated to <25 mL using a 35 µm net, preserved, and 
returned to the lab in 50 mL falcon tubes. Samples were 
inverted 3 times, and a 1 mL subsample was transferred 
into a Pyrex gridded Sedgewick-Rafter cell. The entire 
subsample was counted, and an Olympus compound 
microscope was used to identify all zooplankton to species 
level, when possible, using published descriptions (Koste 
Fig. 1. The Chowilla Floodplain (modified from Gell et al. 2005). HC = Hancock Creek, CC = Chowilla Creek, and RM = River Murray. Black 
dots represent sample locations and arrows indicate direction of flow. Inset: Murray-Darling Basin (modified from Humphries et al. 1999).
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1978, Shiel 1995). The number of zooplankton were then 
calculated and expressed as numbers of individuals per 
litre (ind L−1). 
Zooplankton biomass was calculated by multiplying 
the average number of each species per volume by the 
species dry weight. Dry weight estimates were obtained 
from the literature for the identified species (Dumont et al. 
1975, Pauli 1989, Masundire 1994, Sendacz et al. 2006, 
Dagne et al. 2008). If estimates were not available for a 
particular species, values for a species of similar size and/
or genus were used.
Material-balance calculations
Two inputs of zooplankton were measured: those from 
Lake Limbra into Chowilla Creek (via Hancock Creek) 
and those from the whole floodplain into the main river 
channel. Total daily loads of zooplankton biomass for sites 
were calculated by multiplying the biomass per volume by 
daily discharge. During periods when inputs and outputs 
were occurring, mass balance calculations were used. 
Internal processes such as loss caused by die off or 
consumption or gains due to internal turnover of 
zooplankton populations were neither measured nor 
included in the calculations.
Sites located near the anabranch–tributary confluence 
(HC, CC-1, and CC-2) were used to calculate inputs from 
Lake Limbra into Chowilla Creek. A STARFLOW model 
6526C Ultrasonic Doppler Instrument with a Micrologger 
(Unidata, Australia) was placed in Hancock Creek on 11 
March 2011. To calculate daily averages, the instrument 
measured and recorded water velocity and depth every 30 
minutes until flow ceased in May. Measurements from 11 
March 2011 were used to estimate flow on 9 March 2011 
to correspond with a zooplankton sampling event. A 
profile of Hancock Creek was surveyed with a 0.1 m 
resolution GPS, and the cross-sectional area was 
calculated for each sampling date. The corresponding 
daily flow rate was then calculated by multiplying the flow 
area by water velocity. The inundated area of Lake Limbra 
was estimated using Google Earth Pro, and the inundated 
area of the whole floodplain under various flows within 
the River Murray was taken from the literature (DEWNR 
2006). Areas of the floodplain inundated were only given 
for specific flows; those most accurately representing the 
actual flows were used. Using the estimated area of the 
total floodplain and the area of Lake Limbra under 
inundation, the area of Lake Limbra was expressed as a 
percentage of the total floodplain under inundation. 
The total daily zooplankton biomass contributions 
from Lake Limbra into Chowilla Creek were estimated by 
calculating the daily load at Hancock Creek (Fig. 1). From 
~9 February until 15 April 2011, water was flowing into 
Lake Limbra from the eastern side, through the lake, and 
out through Hancock Creek. Because the lake was full, we 
assumed that the volume entering the lake was equivalent 
to the outflow volume. Biomass concentrations from CC-1 
were used as an estimate of those entering the lake and 
subtracted from those measured at HC on those days. The 
extremity of the flood resulted in a combination of the 
removal of flow instruments and inaccurate readings at 
sites CC-1 and CC-2. Thus, no flow data were available 
for these sites, and material-balance calculations could not 
be calculated.
Sites located near the river–anabranch confluence 
(CC-3, RM-1, and RM-2), were used to calculate inputs 
from the total floodplain into the main river channel. Daily 
average discharge for Chowilla Creek and daily average 
calculated flows into South Australia were obtained from 
the Murray Darling Basin Authority (MDBA 2011). 
Between the South Australian border and the river–
anabranch confluence, all creeks flow toward the 
floodplain and into Chowilla Creek (i.e., in a northerly 
direction), and thus no other significant inflows to the 
main river channel occur. The discharge for RM-1 was 
therefore calculated by subtracting the Chowilla Creek 
discharge from the calculated discharge into South 
Australia. 
To determine if the observed zooplankton abundance 
at the downstream site could be attributed to the 
combination of the Chowilla Creek and upstream loads, 
the expected downstream loads and abundance were 
calculated for each date using the daily flow and 
abundance measurements from RM-1 and CC-3. If the 
expected downstream abundance fell within the actual 
Fig. 2. Hydrograph of flows in and adjacent to the Chowilla 
Floodplain. Flows shown are discharge exiting Chowilla Creek 
(CC-3), flows to South Australia excluding discharge to the 
Chowilla Floodplain (RM-1), and discharge of the River Murray 
downstream of the Chowilla Floodplain (RM-2). Disconnection 
dates of the floodplain and Hancock Creek/Lake Limbra are 
indicated with arrows. Sampling dates are indicated as (·).
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average downstream abundance ±1 SD, the measured 
differences between the upstream and downstream sites 
were considered to be due to contributions from the 
floodplain. Increases in zooplankton biomass within the 
main channel of the River Murray due to discharge from 
the Chowilla Floodplain were determined by calculating 
daily load at RM-2 (Fig. 1 and 2) and subtracting the 
estimated daily load above the floodplain at RM-0 
(Fig. 1). The daily load above the floodplain was estimated 
by multiplying the measured abundance and composition 
at RM-1 by the daily flow into South Australia.
Statistical analysis
To compare differences in abundance between sites and 
over time at each confluence, repeated-measures analysis 
of variance (RM-ANOVA) were conducted in IBM SPSS 
Statistics for Windows (SPSS Inc. 2010) on the average 
abundances over time for each of the confluences and the 
3 sites within Chowilla Creek. Depending on the availa-
bility of data, RM-ANOVA analysis was performed on 
data from 11 February until and including 6 June at the 
river–anabranch confluence and from 11 January until and 
including 5 May at the anabranch–tributary confluence. If 
the assumption of sphericity was rejected using Mauchly’s 
criterion, the Greenhouse-Geisser corrected alpha values 
(Visman et al. 1994, Strecker et al. 2004) were used to 
determine the statistical significance of site and time 
effects (Scheiner and Gurevitch 2001). If a statistically 
significant effect of site was revealed and there was no 
interaction between site and time, a post hoc Tukey’s HSD 
test was conducted. Only P values from RM-ANOVA and 
Tukey’s HSD test are reported in the text (see Table S1 
and S2 in Supplementary Material for further details). 
To determine whether contributions from Chowilla 
Creek were affecting the species composition within 
the River Murray, a nonmetric multidimensional scaling 
(Shepard 1962a, 1962b, Kruskal 1964) ordination was 
conducted in PC-ORD. This was performed on average 
zooplankton species abundances at the 3 river–anabranch 
confluence sites where the distance measure used was 
Sorensen (Bray-Curtis; Bray and Curtis 1957). 
Results 
Lake contributions: anabranch–tributary 
confluence
Average daily discharge from Hancock Creek fluctuated 
between ~2250 and 3000 ML d−1 from early March until 
early April before steadily decreasing until early May, 
when flow ceased and the creek became completely dry 
(Fig. 3).
The average zooplankton abundance at CC-1 and 
CC-2 followed a similar trend through time showing a 
general decrease until February before a rapid rise and fall 
in March. Differences between upstream and downstream 
sites seemed apparent on 24 February and 9 March 2011 
(Fig. 4); however, post hoc comparisons indicated no 
significant difference (P = 0.062). HC showed a similar 
pattern from late February until March; in contrast, 
however, abundance was much higher than CC-1 
(P = <0.001) and CC-2 (P = <0.001) and increased from 
December until February and from late March onward. 
Because of the contrasting response of zooplankton 
abundance at HC through time in comparison to the other 
sites, there was a significant interaction between site and 
time (P = <0.001). 
Substantial amounts of zooplankton biomass were 
exported from Lake Limbra during connectivity and 
ranged between 125 and 914 kg d−1 (Table 2), with the 
highest contribution occurring on 22 April 2011. Over the 
total sampling period, the area of Lake Limbra was 
between 5 and 11% of the total area of the floodplain 
inundated (Table 2).
Fig. 3. Flow in Hancock Creek (ML d−1) from 11 March to 10 May 
2011.
Fig. 4. Temporal changes in abundance (ind L−1) for the anabranch–
tributary confluence. Sites shown are CC-1, CC-2, and HC for each 
sampling date. Vertical bars represent ±1 SD. 
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Floodplain contributions: river–anabranch 
confluence
There were significant temporal differences in abundance, 
with a general decrease during the study period but with a 
rapid increase and subsequent decrease in February–
March (Fig. 5; P = <0.001). All sites were significantly 
different (P = <0.001): CC-3 generally had the highest 
abundances and was significantly different from RM-2 
and RM-1, respectively (P = 0.005 and P = <0.001), RM-1 
was lowest and was also significantly different from RM-2 
(P = 0.002), and RM-2 was between CC-3 and RM-1. The 
most evident dates on which the floodplain was contribut-
ing to abundance (increases between RM-1 and RM-2) 
occurred from 24 February up until and including 9 April 
2011 (excluding 9 March). The majority of the floodplain 
was disconnected from Chowilla Creek by ~5 May, when 
zooplankton abundance at all 3 sites converged (Fig. 5).
The differences in abundance between the upstream 
and downstream sites were attributed to Chowilla Creek 
(the floodplain) because the calculated expected 
downstream zooplankton abundances fell within ±1 SD 
(notably within the lower bound of the average ±SD on 26 
March, 9 April, and 26 April) on all occasions, excluding 
6 June (Table 3). 
Both the River Murray and Chowilla Creek were 
dominated by rotifers throughout the study (Table 1); 
however, as indicated by the ordination, there was consid-
erable temporal variation in the zooplankton community 
composition (Fig. 6). During January, February, and early 
March, sites where associated with common riverine 
species such as Polyarthra dolichoptera, Filinia 
opoliensis, F. pejleri, F. passa, Hexarthra intermedia, and 
Brachionus angularis (Fig. 6). As flows decreased, 
however, the community shifted away from these species. 
On all occasions, the downstream species composition 
was positioned between RM-1 and CC-3 on the ordination 
(Fig. 6). On a number of occasions, the downstream 
composition was more closely related to that of Chowilla 
Creek than to the sites upstream. 
The Chowilla Floodplain contributed a large 
zooplankton biomass to River Murray, peaking in 
February and March (6013 and 6265 kg d−1, respectively; 
Fig. 7). Thereafter, the contribution fell as flow receded.
Discussion
Off-channel habitats with low flushing rates are increas-
ingly acknowledged to act as a source of zooplankton in 
faster flowing channels, but few studies have been able to 
quantify this directly. This study demonstrated a 
significant export of zooplankton from the Chowilla 
Floodplain, contributing to zooplankton communities 
within the main river channel. These exports resulted in 
increased abundances and altered assemblages 
downstream, with daily contributions of up to ~6 tonnes 
of resources (zooplankton dry weight) to the riverine food 
web per day. This study also provides some evidence for 
the theory suggested by Walker et al. (1995) that during 
floods in Australian dryland rivers, riverine animal 
biomass is derived primarily from production within the 
floodplain, as described in the FPC (Junk et al. 1989).
A number of factors likely contributed to the increases 
in abundance and changes to the zooplankton assemblages 
downstream of the Chowilla Floodplain, including (a) 
washout of benthic and periphytic species from usually 
isolated habitats (e.g., Lansac-Tôha et al. 2009), (b) 
emergence from floodplain egg banks (e.g., Boulton 
and Lloyd 1992), and (c) an increase in available 
floodplain habitat and food resources, followed by 
draining of these areas (e.g., Saunders and Lewis 1988b). 
Early increases could partially have been due to washout; 
however, because sampling began some weeks after initial 
inundation, the contributions were most likely caused by 
egg bank emergence and reproduction on the floodplain 
associated with favourable habitat and food availability. 
Significant numbers of zooplankton have been shown to 
emerge from the Chowilla Floodplain egg bank within 
days of the initial inundation (Boulton and Lloyd 1992). 
Considerable export of zooplankton from the floodplain to 
the river during late March and early April occurred as 
flow subsided and large areas of the floodplain drained 
back into the river channel. 
Habitats across the Chowilla Floodplain vary signifi-
cantly in morphology (Mackay and Eastburn 1990, Shiel 
et al. 1998) as well as in their position along gradients in 
groundwater influences, inundation history, soil type, 
vegetation abundance and composition, salinity, and 
elevation. Because of its higher elevation, Lake Limbra is 
Fig. 5. Temporal changes in abundance (ind L−1) for the river–
anabranch confluence. Sites shown are CC-3, RM-1, and RM-2 for 
each sampling date. Vertical bars represent ±1 SD.
DOI: 10.5268/IW-4.4.696
419Floodplain connectivity facilitates significant export of zooplankton
Inland Waters (2014) 4, pp. 413-424 
Fig. 6. A nonmetric multdimensional scaling (NMS) 2-dimensional ordination conducted in PC-ORD on species assemblage (R2 = 4). Crosses 
represent single species, and characteristic species are labelled. Purple diamonds = upstream (US), green = downstream (DS), and red = 
Chowilla Creek (CC) communities for each date. Community from the same date are circled with the corresponding date adjacent.
Date
17 D
ec 2010
11 Jan 2011
11 Feb 2011
24 Feb 2011
9 M
ar 2011
26 M
ar 2011
9 A
pr 2011
22 A
pr 2011
5 M
ay 2011
6 Jun 2011
Flow within 
RM (ML d−1) 66 924 60 399 92 500 81 982 77 091 75 669 68 869 53 559 39 229 22 830
RM Rotifers — 1092 580 238 989 262 263 203 360 86
Cladocera — 3 1 2 12 2 3 2 3 1
Copepods — 7 32 11 11 1 2 5 6 3
CC Rotifers 1236 1101 891 439 1258 353 367 265 337 100
Cladocera 22 8 1 3 12 2 5 1 2 2
Copepods 64 13 69 17 12 2 3 1 4 2
Table 1. Summary of the average abundance (ind L−1) of rotifers, cladocerans, and copepods within the River Murray (RM) and Chowilla 
Creek (CC) and the average daily flow in megalitres per day (ML d−1) within the main river channel.
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The floodplain zooplankton communities contributed 
significantly to the abundance of zooplankton in the 
riverine communities, highlighting the importance of hy-
drological connectivity in facilitating community fluxes 
across ecotones. In comparison to many river systems, 
zooplankton abundances observed in this study were high 
(e.g., 138 ind L−1 in the River Danube: Saunders and 
Lewis 1988a). These measured values are, however, 
comparable to those found in other Australian Rivers 
(Hawkesbury-Nepean River: Kobayashi et al. 1998; 
Upper River Murray in 2006 and 2007 and Ovens in 2006: 
Ning et al. 2012). Similarly, as highlighted by Kobayashi 
et al. (1998), large, regulated temperate rivers in the 
Northern Hemisphere show similar densities (e.g., 
maximum densities of 2200 ind L−1 in the River Rhine: De 
Ruyter Van Steveninck et al. 1990). 
The hydrological conditions within river floodplain 
systems have commonly been recognised as the principal 
driver of the zooplankton community structure. In the 
main stem of the river channel, reproduction and 
population growth is limited because of water velocities 
reaching >0.4 m s−1 (Rzoska 1978). Water velocity ranged 
between 0.43 and 0.61 m s−1 on average (measurements 
taken at Lyrup ~50 km downstream of Chowilla; DEWNR 
2012) from December 2010 until May 2011; thus, it is 
commonly one of the less frequently flooded habitats on 
the floodplain. Although higher flooding frequencies have 
been shown to increase the abundance of organisms 
emerging from egg banks (Boulton and Lloyd 1992), 
substantial contributions of zooplankton biomass were 
detected originating from Lake Limbra. These results 
highlight the importance of lake habitats, among the many 
types that exist, as source areas of zooplankton, especially 
when considering that the area of the lake only comprised 
5–11% of the total area of the floodplain inundated.
Flow Zooplankton biomass Area Inundated
In 
ML d−1
Out
ML d−1
In
μg L−1
Out
μg L−1
Out-In
kg d−1
Lim
km²
FP
km²
Lim/FP
%
9 March 2474 2474 376 ± 64 704 ± 87 811 ± 267 3.2 67 5
26 March 2479 2479 87 ± 11 138 ± 17 125 ± 50 3.2 67 5
9 April 2868 2868 117 ± 39 297 ± 61 516 ± 207 3.2 48 7
22 April 0 466 0 1961 ± 254 914 ± 118 3.2 31 10
5 May 0 75 0 4230 ± 381 316 ± 28 1.6 14 11
Table 2. Summary of the estimated zooplankton biomass being transferred to Chowilla Creek from Lake Limbra via Hancock Creek (kg d−1 ± 1 
SD) and the area of the lake as a percentage of total area inundated. Estimates were based on average daily flow (ML d−1) and zooplankton 
biomass concentrations (µg L−1 ± 1 SD). In = entering Lake Limbra, Out = exiting Lake Limbra, Out-In = the difference, Lim = Lake Limbra, 
FP = floodplain, and Lim/FP = Limbra as a proportion of the floodplain.
11 Feb
24 Feb
9 M
ar
26 M
ar
9 A
pr
22 A
pril
5 M
ay
6 June
Average 
abundance 696 330 1026 334 300 226 368 97
SD 83 110 119 50 40 69 14 11
Expected 703 293 1036 291 281 195 364 87
Within  ± 1 SD YES YES YES YES YES YES YES NO
Table 3. Summary of the zooplankton abundances at RM-2 (Average Abundance) in ind L−1, the associated standard deviation (SD), the 
calculated expected abundance (Expected) in ind L−1 and whether or not the expected fell within ±1 SD.
Fig. 7. The estimated total zooplankton biomass (kg d−1) coming 
from the Chowilla Floodplain (grey bars). Secondary x-axis shows 
the calculated flows into South Australia (black line). Vertical bars 
represent ±1 SD.
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unlikely that a significant increase in abundance occurred 
within the main river channel during this study. A number 
of studies have shown that increases in abundance within 
the river channel correspond to periods of higher flows 
and floodplain connection (Saunders and Lewis 1988b, 
Ning et al. 2012). The high zooplankton abundance 
observed in the main river channel upstream of Chowilla 
floodplain during higher flows in this study was likely 
caused by importation from the upstream connected 
floodplains. Studies have also found higher abundances at 
low discharge and no floodplain connectivity (e.g., 
Saunders and Lewis 1988a). Because of the lower water 
velocities and higher water residence times during these 
periods, increases in zooplankton abundance can occur at 
rates that allow substantial growth (Talling and Rzoska 
1967, Pourriot et al. 1997); therefore, within river 
floodplain systems, the highest zooplankton abundances 
most likely occur during low and high discharge and the 
lowest during medium discharge. 
The importation of zooplankton from floodplains 
within the upper River Murray has been investigated on a 
number of previous occasions, but the prevailing biogeo-
chemical conditions varied considerably, primarily 
because of high dissolved organic matter input and 
resulting hypoxia within the investigated floodplain. Ning 
et al. (2012) observed an increase in abundance of 
zooplankton in 2 unregulated tributaries of the River 
Murray, the Ovens River and the Kiewa River, during the 
2011 flood period in comparison to 2006–2010; however, 
no change was observed in the Murray itself. This 
short-term and/or reduced response within the Murray was 
attributed to the occurrence of a hypoxic blackwater event 
(Ning et al. 2012), which is known to affect zooplankton 
egg production, hatching success, and viability (Stalder 
and Marcus 1997, Invidia et al. 2004, Ekau et al. 2010). 
The dissolved oxygen concentrations were much lower 
and hypoxia persisted for longer near the Barmah forest 
(e.g., Barmah Lake) than occurred closer to Chowilla 
(e.g., Renmark and Loxton; Kris Kleeman, SAWater Mur-
ray-Darling Freshwater Reasearch Center 2010–2011, 
pers. comm.). Despite the lower Murray being less 
severely affected, these conditions possibly reduced 
zooplankton abundance in early February because this 
period coincided with the lowest dissolved oxygen con-
centrations in this area.
Rivers worldwide are becoming increasingly 
regulated, and flooding extent, frequency, and duration of 
floodplain inundation have been significantly altered, if 
not completely eliminated. In response, management 
authorities are now aiming to restore these floodplains that 
were once vibrant and resource-rich habitats, such as the 
Amazon (McGrath et al. 1993) and the Danube floodplains 
(Tockner et al. 1999). A number of studies have demon-
strated the importance of floodplains as highly productive 
areas that export food and nutrient resources to main 
channel habitats (dissolved organic carbon and bacteria: 
Wainright et al. 1992; dissolved organic carbon and algae: 
Tockner et al. 1999; particulate organic carbon: Hein et al. 
2003; and fish: Jardine et al. 2012). Adding to these, this 
study estimated that up to 6 tonnes per day of zooplankton 
is exported from the Chowilla Floodplain during a large 
flood period, which suggests that floods of this size and 
duration have the ability to provide significant quantities 
of food to main channel habitats. Assuming a 10% transfer 
of these resources to consumers (Lindeman 1942), this 
equates to ~36 tonnes of zooplankton passed to consumers 
during floodplain connection. This value is comparable 
with estimates of fish biomass within the South Australian 
Lower Lakes and Coorong in 2011–2012, including fish 
species such as golden perch (Macquaria ambigua), 
greenback flounder (Rhombosolea tapirina), and bony 
bream (Nematalosa erebi), with biomasses of ~56, 31, and 
450 tonnes, respectively (Ferguson 2012). In addition to 
affecting floodplain inundation, river regulation has 
increased the proportion of medium flows (see Bunn et al. 
2006), conditions in which zooplankton abundances are 
often lowest. It is therefore not only essential to consider 
the maintenance and connectivity of floodplain habitats 
that facilitate resource and energy exchange, but also the 
natural flow variability. 
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